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ABSTRACT—Considerable controversy surrounds the taxonomy and phylogenetic relationships of Maastrichtian basal
neornithischian taxa from North America. Discovery of previously unrecognized cranial material from the paratype
specimen of Thescelosaurus neglectus(USNM 7758), along with the examination of two new specimens that preserve
nearly complete skulls and mandibles, allows for reevaluation of specimens previously referred toThescelosaurusthat
preserve cranial material, including the holotypes of Bugenasaura infernalis(SDSM 7210) and Parksosaurus warreni
(ROM 804). A phylogenetic analysis was conducted that included as terminals the holotypes ofB. infernalis and
P. warreni, the type series ofT. neglectus,and six specimens previously referred toThescelosaurus. This analysis is the
first to recover a clade containing all basal neornithischian taxa from the Cretaceous of North America, within which
P. warreni is recovered as the sister taxon to aThescelosaurusclade whose monophyly is supported by five cranial
autapomorphies. The results of this analysis support: (1) the synonymization ofBugenasaura with Thescelosaurus;
(2) the removal of ROM 804 from Thescelosaurus; and (3) the validity of Thescelosaurus garbaniiand its referral to
Thescelosaurusdespite its fragmentary nature. Currently, Parksosaurus and Thescelosaurusare the only basal neor-
nithischian taxa definitively known from Maastrichtian age sediments of North America, while other basal neor-
nithischian taxa proposed to demonstrate fossorial behavior (i.e.,Orodromeus, Oryctodromeus, and Zephyrosaurus) are
known from Campanian and older sediments. This temporal segregation may support previous hypotheses of an environ-
mental or ecological shift during the latest Cretaceous in North America.

INTRODUCTION

The taxonomic diversity of basal neornithischians (stem based
definition of Sereno, 1998) in North America during the Maas-
trichtian (70.6 to 65.5 Ma; Weishampel et al., 2004; Gradstein
et al., 2004) remains controversial despite recent attempts to
provide clarity to this issue (Galton, 1995, 1997, 1999). An array
of species have been named and repeatedly revised as parts of
three taxa (Bugenasaura, Parksosaurus, and Thescelosaurus),
and the referral of individual specimens to these species remains
fluid (Gilmore, 1913; Parks, 1926; Sternberg, 1937, 1940; Morris,
1976; Galton, 1995). Currently, no consensus exists on the sys-
tematic positions of these taxa. For instance,Thescelosaurushas
been placed within a monophyletic Hypsilophodontidae (sensu
Sereno, 1998; Figs. 1A, B, F) or basal to Iguanodontia (sensu
Sereno, 2005; Figs. 1C, D, E). New information from previously
unreported cranial material from the paratype specimen of Thes-
celosaurus neglectus(USNM 7758), the name bearing species of
the taxon Thescelosaurus, and two new specimens allow identifi-
cation of previously unrecognized cranial characters that facili-
tate a taxonomic revision of previously describedBugenasaura,
Parksosaurus, and Thescelosaurusspecies.

The type series of Thescelosaurus neglectus(Gilmore, 1913)
consists of a nearly-complete postcranial skeleton named as the
holotype (USNM 7757) and a second, fragmentary postcranial

skeleton (USNM 7758) assigned as the paratype. Both specimens
were collected from the Lance Formation of Wyoming (Maas-
trichtian; 70.6 to 65.5 Ma; Weishampel et al., 2004; Gradstein
et al., 2004) and between these two specimens all postcranial
elements are represented with the exception of the anterior
cervical vertebrae and coracoids. However, no cranial material
was identified from either specimen (Gilmore, 1913; Gilmore,
1915). An array of additional specimens have since been re-
ferred to this species from the Lance (Gilmore, 1915), Hell Creek
(Gilmore, 1915; Morris, 1976; Galton, 1997; Fisher et al., 2000),
Scollard (Sternberg, 1940; Galton, 1974b), and Frenchman
(Galton, 1974b, 1989) formations of North America.

Three additional species of Thescelosaurushave been de-
scribed: Thescelosaurus warreni, Parks, 1926, Thescelosaurus
edmontonensis, Sternberg, 1940, and?Thescelosaurus garbanii,
Morris, 1976. Sternberg (1937) designated the holotype ofThes-
celosaurus warreni, ROM 804, the type of a new taxon, Parkso-
saurus, because he considered the differences present between
it and T. neglectus greater than those he identified between
T. edmontonensisand T. neglectus. Galton (1974a, 1995) argued
that the differences noted by Sternberg (1940) between
T. edmontonensisand T. neglectusfell within the range of indi-
vidual variation exhibited by other closely related taxa (e.g.,
Dryosaurus altus, D. lettowvorbecki, and Hypsilophodon foxii ;
Galton, 1974a, 1981); therefore, he consideredT. edmontonensis
to be a subjective junior synonym of T. neglectus.

Morris (1976) described a partial left hind limb and associated
cervical and dorsal vertebrae (LACM 33542) from the Hell*Corresponding author.
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Creek Formation as a new species,?Thescelosaurus garbanii,
which was tentatively referred to Thescelosaurusbased on gen-
eral similarity with the hind limb. Morris (1976) also described a
partial skull with fragmentary mandibles and associated postcra-
nia (SDSM 7210) from the Hell Creek Formation, which he
proposed may represent a previously undescribed species. This
specimen lacks material that can be directly compared to the

type series of T. neglectusand the holotype of T. garbanii and
the only cranial material known from Thescelosaurusat that
time was the fragmentary material preserved with the holotype
of T. edmontonensis(CMN 8537). For these reasons he referred
SDSM 7210 to Thescelosaurussp. rather than erect a new spe-
cies. Sues (1980) concurred and stated that this specimen should
remain unnamed until new material was discovered that facilitated

FIGURE 1. Overview of the position of Thescelosaurusin previously published phylogenetic analyses.A , phylogeny from Sereno (1986) modified
to focus on the position of ‘hypsilophodontid’ taxa; B, single most parsimonious tree (MPT) from Weishampel and Heinrich (1992);C, majority rule
consensus tree of three MPTs from Scheetz (1999);D, majority rule consensus tree of ten MPTs from Buchholz (2002);E, strict consensus of two
MPTs from Weishampel et al. (2003);F, majority rule consensus of twenty–three MPTs from Butler (2005). The empty circle indicates the position of
the stem-based clade Neornithischia (sensu Sereno, 1998) in Butler (2005). Black circles indicate the position of the stem–based clade Iguanodontia
(sensu Sereno, 2005) and the curved lines denote the position of the stem–based clade Hypsilophodontidae (sensu Sereno, 1998).
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its comparison with the type series ofT. neglectus. Galton (1995)
made SDSM 7210 the holotype of Bugenasaura infernalisand
tentatively referred the holotype of ? Thescelosaurus garbanii
(LACM 33542) to this new species, despite the lack of compara-
ble material between these specimens.

The taxonomy of Bugenasaura, Parksosaurus,and Thescelo-
saurushas not been revised since Galton (1995). Since then, two
important specimens have been discovered that preserve nearly
complete skulls and mandibles (NCSM 15728 referred to
T. neglectus and MOR 979 referred to B. infernalis; Fisher
et al., 2000; Horner, 2001), enhancing our knowledge of the
anatomy of these taxa. These new specimens, combined with
data obtained from the newly recognized skull material from
USNM 7758, allow for a new phylogenetic analysis and taxo-
nomic revision of eight specimens previously referred to these
taxa (Fig. 2) that preserve material from the skull and/or tarsus
(Parks, 1926; Sternberg, 1940; Galton, 1974b, 1989, 1997, 1999;
Morris, 1976; Fisher et al., 2000; Horner, 2001). Two partial
dentaries (AMNH 5020 and CMN 9534) that were referred to
T. neglectus by Galton (1974b, 1997) will not be considered
because no dentary characters were found to be diagnostic of a
Thescelosaurusclade in this analysis. The postcranial anatomy of
these taxa will only be briefly discussed as reexamination of the
postcrania of these and other referred specimens is ongoing.

Institutional Abbreviations—AMNH , American Museum of
Natural History, New York; CMN , Canadian Museum of Nature,
Ontario; IVPP , Institute of Vertebrate Paleontology and Paleo-
anthropology, Beijing; LACM , Los Angeles County Museum,
California; MOR , Museum of the Rockies, Montana; NCSM,
North Carolina Museum of Natural Sciences, North Carolina;
SDSM, South Dakota School of Mines and Technology, South
Dakota; RSM, Royal Saskatchewan Museum, Saskatchewan;
USNM , United States National Museum, Washington, D.C.

Anatomical Abbreviations —aes, origin of m. adductor exter-
nus superficialis; ar, anterior ramus of postorbital; f, frontal; fl ,
flange; ib, irregular bosses; jr , jugal ramus of postorbital; pfs,
postorbital-frontal suture; pp, postorbital projection into orbit;
pr, posterior ramus of postorbital; pss, postorbital-squamosal
suture; qp, quadratic process;sh, socket for head of quadrate;
stf, supratemporal fenestra.

CLADISTIC METHODOLOGY

A new phylogenetic analysis was conducted that evaluated:
(1) character support for a monophyletic Thescelosaurusclade;
(2) removal of ROM 804 from Thescelosaurus; and (3) the rela-
tionships of LACM 33542, the holotype of Thescelosaurus garba-
nii (Appendices 1, 2; Fig. 3; Table). This analysis used the
Varricchio et al. (2007) dataset, which is based on that of Scheetz
(1999). The following modifications were made to this dataset:
included six characters originally proposed by Galton (1997,
1999) to diagnoseThescelosaurus, added two new characters,
and incorporated character scorings based on personal observa-
tions (see Appendix 1). The terminal taxa “ Bugenasaura” and
“Thescelosaurus” (Fig. 3A) from Scheetz (1999) were removed
from this analysis because they were scored from both the type
series and referred specimens and the current analysis aims to
reassess these referrals. The chimeric terminal taxonYandu-
saurus (largely scored from material now referred to Hexinlu-
saurus) was replaced with the terminal taxon Hexinlusaurus,
which was scored only from the holotype material.Parksosaurus
was also completely rescored from ROM 804. The holotype ma-
terial of Bugenasaura infernalisand Parksosaurus warreni, the

/ FIGURE 2. Diagram illustrating the relative size and complete-
ness of all specimens referred toThescelosaurusby this study. Bones
present in each specimen are colored white. Skeletons are scaled isome-
trically based on femur and tibia length when available. Skeletons lack-
ing both tibiae and femora were scaled using the following elements:
anteroposterior width of orbit for SDSM 7210; length of the dentary for
LACM 33543; and length of the humerus for USNM 7758. Proportions
for each specimen represent those of USNM 7757 and do not illustrate
proportion changes that would be effected due to allometric scaling.
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type series ofThescelosaurus neglectus, and six specimens previ-
ously referred to these taxa were included as terminals in this
analysis (see the Table and Appendix 2 for the list of specimens
and their respective scorings and Figure 2 for material preserved
in each specimen). All characters were run unordered, but addi-
tional analysis demonstrated that alternative ordering of charac-
ters did not affect the placement of the nine terminals under
investigation here (unpub. data). Scutellosauruswas selected as
the outgroup taxon for this analysis because it has been consis-
tently placed outside the Neornithischia by prior analyses (e.g.,
Sereno, 1986, Butler, 2005). The analysis was run in the program
TNT (Goloboff et al., 2008) using the implicit enumeration
search option that recovers all most parsimonious trees (MPTs).
Seven hundred forty-eight MPTs (tree length = 366) were recov-

ered and the resulting strict consensus tree is presented in
Figure 3B. A bootstrap analysis (1000 replicates) was run and
Bremer support values were calculated using PAUP*v.4.0b10
(Swofford, 2002). The results of this analysis are used to support
the taxonomic referrals given in the Systematic Paleontology
section below.

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
ORNITHISCHIA Seeley, 1887

NEORNITHISCHIA Cooper, 1985 (sensu Sereno, 1998)
THESCELOSAURUS Gilmore, 1913

BugenasauraGalton, 1995:308.

FIGURE 3. Phylogenetic analysis supporting the monophyly of a Thescelosaurusclade, synonymization of Bugenasaurawith Thescelosaurus, and
the placement of Thescelosaurus garbaniiwithin a Thescelosaurusclade.A , single MPT from Varricchio et al. (2007); B, strict consensus of 748 MPTs
with a length of 366, retention index (RI) of 0.67, and a consistency index (CI) of 0.50 resulting from analysis of the new dataset constructed for this
investigation. On the second tree, Bremer support values are positioned above the nodes and bootstrap values are below the nodes. Quotations were
added to Thescelosaurusand Bugenasaurain the Varricchio et al. (2007) tree to indicate that those terminal taxa were scored from both the type
series and referred material. The taxonomic referrals of the nine terminals under investigation are listed to the right of their respective specimen
numbers.

TABLE. Review of character data supporting synonymization of Bugenasaurawith Thescelosaurusand for removing ROM 804, the holotype of
Parksosaurus warreni, from Thescelosaurus.

Specimen Original Taxonomic Assignment Current Taxonomic Assignments 125 126 127 128 129 130 131 132 133

USNM 7757 Thescelosaurus neglectus Thescelosaurus neglectus — — — — — 1 — — —
USNM 7758 Thescelosaurus neglectus Thescelosaurus neglectus — 1 — — — — — — —
NCSM 15728 Thescelosaurus neglectus Thescelosaurussp. 1 1 1 1 1 — 1 1 1
MOR 979 Bugenasaura infernalis Thescelosaurussp. 1 — — — 1 1 1 1 1
SDSM 7210 Bugenasaura infernalis Thescelosaurussp. 1 — — — — — 1 1 —
CMN 8537 Thescelosaurus edmontonensis Thescelosaurussp. 1 1 1 — 1 1 — — —
LACM 33543 Thescelosaurus neglectus Thescelosaurussp. — — 1 1 1 — — 1 —
RSM P.1225.1 Thescelosaurus neglectus Thescelosaurussp. 1 1 1 1 — 1 — 1 —
LACM 33542 ?Thescelosaurus garbanii Thescelosaurus garbanii — — — — — — — — —
ROM 804 Thescelosaurus warreni Parksosaurus warreni — 0 — — 0 0 0 0 0

The presence or absence of nine characters was traced: Seven proposed by Galton (1997, 1999; characters 125-131) and two new characters (132-133)
identified in this analysis. Each character is described in Appendix 1 and listed by its respective number in the dataset.Abbreviations : 0, character
state zero is present (see Appendix 1);1, character state one is present (see Appendix 1);-, character state not preserved or unable to be scored.
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Type Species—Thescelosaurus neglectusGilmore, 1913.
Distribution —Frenchman Formation, Saskatchewan; Hell

Creek Formation, Montana and South Dakota; Lance Forma-
tion, Wyoming; Scollard Formation, Alberta (all Maastrichtian
age [70.6–65.5 Ma]; Weishampel et al., 2004; Gradstein et al.,
2004).

Emended Diagnosis—Each of the characters proposed below
is followed by (character number:state present) from Appendix 1
and illustrated in Figure 4. The following proposed autapomor-
phies comprise characters optimized as unique to aThescelo-
saurusclade relative to all other analyzed taxa: frontals wider at
midorbital level than across posterior margin (126:1); dorsolater-
ally directed process on surangular (129:1); prominent, horizontal
ridge on maxilla with at least the posterior portion covered by a
series of coarse, rounded, obliquely inclined ridges (131:1); de-
pressed posterior half of ventral edge of jugal covered laterally
with obliquely inclined ridges (132:1); foramen in dorsal surface
of prefrontal dorsomedial to articulation surface for palpebral
that opens into the orbit (133:1). Two additional characters are
currently uniquely known for parts of the Thescelosaurusclade,
but are unable to be evaluated for its sister taxonParksosaurus:
dorsal edge of opisthotic indented by deep, ‘Y-shaped’ excava-
tion in dorsal view (127:1); palpebral dorsoventrally flattened
and rugose along the medial and distal edges (125:1). The latter
character is also present in an otherwise distinct basal neor-
nithischian specimen from China housed at IVPP (CAB pers.

obs.) whose relationships have not yet been evaluated. Only
NCSM 15728 displays all proposed autapomorphies forThesce-
losaurus (see Fig. 4 and Table), but subsets are preserved in all
other referred specimens.

Two additional characters are optimized as local apomorphies
of the Thescelosaurusclade, but occur convergently within major
neornithischian subclades: angle between ventral margin of
braincase (occipital condyle, basal tubera, and basipterygoid
processes) and a line drawn through center of the trigeminal
foramen and posterodorsal hypoglossal foramen less than fifteen
degrees (128:1); and femur longer than tibia (130:1). The former
is found in Iguanodontia and the latter occurs in both Iguano-
dontia and Marginocephalia.

Comments—As shown in the Table, the proposed diagnostic sets
of characters identified by previous authors (Galton, 1997, 1999)
from the type series of Thescelosaurus neglectus(USNM 7757,
7758) and the holotype of Bugenasaura infernalis(SDSM 7210)
represent morphologies observed on distinct, non-comparable
cranial elements preserved in these specimens. None of these previ-
ously proposed characters can be assessed in both the type series of
Thescelosaurus neglectusand the holotype of Bugenasaura inferna-
lis. No character conflict exists between these specimens or
among any of the seven referred specimens examined here aside
from ROM 804, which is placed outside of a Thescelosaurusclade
(Fig. 3B). Thus, Bugenasaurais proposed to be a subjective junior
synonym of Thescelosaurus, a conclusion that is also supported by

FIGURE 4. The five autapomorphies of Thescelosaurusas seen on the skull of NCSM 15728 in dorsal (left) and lateral (right) views.A , foramen in
dorsal surface of prefrontal dorsomedial to articulation surface for palpebral that opens into the orbit (133:1); B, depressed posterior half of ventral
edge of jugal covered laterally with obliquely inclined ridges (132:1); C, frontals wider at midorbital level (1) than across posterior end (2) (126:1);
D, dorsolaterally directed process on surangular (129:1);E, prominent, horizontal ridge on maxilla with at least the posterior portion covered by a
series of coarse, rounded, obliquely inclined ridges (131:1).
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the placement of the holotype of Bugenasaura infernalis in a
Thescelosaurusclade (Fig. 3B).

Three characters proposed by Galton (1997, 1999) to diagnose
either Thescelosaurus neglectusor Bugenasaura infernaliswere
not found to diagnose a Thescelosaurusclade nor presently sup-
port species differentiation within that clade. These characters
were not included in the analysis for the reasons described be-
low. The presence of “numerous secondary ridges that form two
converging crescentic patterns” on the maxillary and dentary
teeth (buccal and lingual surfaces, respectively) was proposed
by Galton (1997:253) to diagnoseT. neglectus. This character
was excluded because this morphology was found to vary across
the maxillary and dentary dentition of individual specimens of
Thescelosaurus(e.g., NCSM 15728). The degree of development
of a prominent ridge on the dentary (proposed to diagnose
B. infernalis; Galton, 1999) varies continuously between evalu-
ated specimens. This variation, without discernibly distinct cut-
offs, may be due to ontogenetic differences, but this hypothesis
remains to be tested (see Discussion).

The degree of participation of the supraoccipital in the
dorsal margin of the foramen magnum (proposed to diagnose
T. neglectus; Galton, 1997) may be a useful character for ana-
lyzing the relationships of basal neornithischians and deserves
further investigation. However, its distribution is complex and
it does not appear to diagnose a Thescelosaurus clade or
T. neglectus. For example, in RSM P.1225.1, the supraocciptial
barely participates in the dorsal margin of the foramen mag-
num, but in LACM 33543 there is a notch in the dorsal border
of the foramen magnum and the supraoccipital just touches the
dorsal-most extent of this notch. The presence of this notch,
along with other differences in the braincase of these speci-
mens not discussed here, may later prove to be of diagnostic
value at the species level within Thescelosaurus, but at this
time sufficient data regarding the morphology of this region is
not available from most specimens due to preservational issues
and incomplete preparation.

THESCELOSAURUS NEGLECTUS Gilmore, 1913:1.

Holotype—USNM 7757: nearly complete postcranial skeleton.
Paratype—USNM 7758: fragmentary skeleton including parts

of skull (Figs. 4, 5).
Locality —USNM 7757: Collected by J. B. Hatcher and W. H.

Utterback in 1891 from Doegie Creek, Niobrara County, Wyom-
ing. USNM 7758: Collected by O. A. Peterson in 1889 from
Lance Creek, Niobrara County, Wyoming.

Distribution —Lance Formation of Wyoming (Maastrichtian
age [70.6–65.5 Ma]; Weishampel et al., 2004; Gradstein et al.,
2004).

Referred Specimens—None.
Emended Differential Diagnosis—This species differs from

Thescelosaurus garbaniiin: retention of calcaneum participation
in midtarsal joint.

Emended Description of Type Series—Three previously un-
recognized cranial bones were identified in material from para-
type specimen USNM 7758. These consist of a partial left
squamosal, partial left postorbital, and a fragmentary piece of
frontal (Figs. 5, 6). Although all three of these bones are incom-
plete, sufficient morphological detail is preserved to provide
important insights into the cranial anatomy of Thescelosaurus
neglectus.

The dorsal surface of the squamosal is slightly inclined medi-
ally. The facet for the posterior ramus of the postorbital is dor-
sally directed (Fig. 5B) and the midpoint of the posterior edge of
this facet is raised into a narrow flange that would have over-
lapped the midsection of the articulated postorbital (Fig. 5A, B).
The postorbital would have been visible medial and lateral to
this flange in dorsal view. In dorsal view, the posterior edge of

the squamosal is deeply concave (Fig. 5A). The lateral half of
the postorbital-squamosal facet extends to the edge of this con-
cavity as a broad, shallow groove. Ventral to this concavity the
articulation surface for the paroccipital process (opisthotic) faces
posterolaterally and consists of a raised, rugose surface. The
quadrate facet is a deep socket dorsolaterally enclosed by a
small wall of bone that would have covered the tip of the quad-
rate head in lateral view. The origin of the m. adductor externus
superficialis (sensu Galton, 1974a) is developed as a conspicuous
facet dorsal to the remains of the quadratic process and the edge
of the lateral temporal fenestra (Fig. 5B). The ventrally directed
quadratic process is not preserved, and the medial portion of the
squamosal is also missing.

The postorbital is triradiate, but only the anterior ramus is
completely preserved (Fig. 6A). The posterodorsal margin of
the orbit is arcuate and marked with numerous small bosses that
extend into the orbit (Fig. 6B). Near the base of the anterior
ramus the edge of the orbital margin bears an anteroventrally

FIGURE 5. Squamosal from USNM 7758. A , photograph (top) and
illustration (bottom) in dorsal view; B, photograph (top) and illustration
(bottom) in lateral view. Areas shaded in grey indicate damaged regions
of the bone. Scale bar equals 1 cm.

FIGURE 6. Postorbital and frontal from USNM 7758. A , photograph
(top) and illustration (bottom) in dorsal view; B, photograph (top) and
illustration (bottom) in lateral view. Areas shaded in grey indicate dam-
aged regions of the bone. Scale bar equals 1 cm.
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directed projection (Fig. 6B). An irregular, rugose, ‘C-shaped’
ridge of bone extends onto the lateral surface of this projection,
possibly indicating a point of attachment for the palpebral or a
secondary palpebral (if present). The ventrolateral surface of the
postorbital is covered with a series of small ridges that vary in
orientation and extend dorsally to a short horizontal ridge
(Fig. 6B). The postorbital excludes the frontal from the antero-
lateral corner of the supratemporal fenestra (Fig. 6A). The artic-
ular surface for the frontal is complex, marked with a set of
interlocking anteroposteriorly oriented ridges and grooves.

A small piece of the frontal is preserved that articulates
with the preserved section of the postorbital. As noted, the
surfaces of the postorbitofrontal contact bear interlocking
anteroposteriorly-oriented ridges and grooves. The shape of the
postorbitofrontal suture, specifically the lateral flaring of the
anterior tip of the postorbital, indicates that the frontals would
have been transversely wider at midorbit level than across their
posterior end (Fig. 6A).

Comments—All characters previously proposed to differenti-
ate the speciesT. neglectusby Galton (1997) are here found
either to be synapomorphies of a clade Thescelosaurus(see
above) or are broadly distributed within neornithischian taxa.
Due to the fragmentary nature of the holotype of T. garbanii,
the only other species ofThescelosaurusfound to be valid by this
analysis (see below), the anatomy of the hind limb and anterior
vertebral column alone can be used to differentiate these two
species. While T. neglectusis currently based on a differential
diagnosis including a single character, further examination of the
postcranial anatomy of this species and future referral of more
complete specimens to T. garbanii may illuminate additional
traits that will further differentiate these two species, or, ideally,
diagnoseT. neglectus.

THESCELOSAURUS GARBANII Morris, 1976

?Thescelosaurus garbaniiMorris, 1976:100, figs. 3a–c, 5d–f.

Holotype—LACM 33542: Five posterior cervical and eleven
anterior dorsal vertebrae, left pes, tarsus, tibia, fibula, and distal
end of femur (Morris, 1976:figs. 3a–c, 5d–f; Galton, 1995:figs. 2e–f).

Locality —Discovered by Harli Garbani from LACM Locality
v3152; T. 21N, R.42E, NE/2, NW/4, Sec. 22, Garfield County,
Montana.

Distribution —Hell Creek Formation of Montana (Maastrich-
tian [70.6–65.5 Ma]; Weishampel et al., 2004; Gradstein et al.,
2004).

Diagnosis—Autapomorphy of species: calcaneum excluded
from midtarsal joint by laterally expanded astragalus.

Comments—Morris (1976) designated LACM 33542 the holo-
type of ?Thescelosaurus garbaniibased upon its general similari-
ty to the hind limb of T. neglectus, but noted that the fragmentary
nature of this specimen prevents the recognition of autapomor-
phies of any known basal neornithischian taxon. It was later
tentatively referred to Bugenasaura infernalisby Galton (1995,
1999); however, LACM 33542 contains no elements directly com-
parable to the holotype of B. infernalis. The synonymization of
Bugenasaurawith Thescelosaurusplaces this species back within
the latter taxon.

The exclusion of the calcaneum from the surface of the mid-
tarsal joint is unique to LACM 33542, as indicated by compar-
isons to the structure of the tarsal region in CMN 8537, MOR
979, RSM P.1225.1, and USNM 7757. The analysis shown in
Figure 3B places this specimen within aThescelosaurusclade,
supporting the prior tentative referral of this species to this
taxon (Morris, 1976). These results support the recognition of
T. garbanii as a valid species, though much of its anatomy
remains poorly understood.

THESCELOSAURUS incertae sedis

Referred Specimens—CMN 8537, LACM 33543, MOR 979,
NCSM 15728, SDSM 7210, RSM P.1225.1

Comments—The six referred specimens listed above each pre-
serve multiple autapomorphies of Thescelosaurus(see Emended
Diagnosis of Thescelosaurusand Table), but cannot be referred
with certainty to one of the two species described above for
reasons given below.

The holotype of B. infernalis, SDSM 7210, consists of an in-
complete skull including premaxillae, maxillae, palpebral, pre-
frontal, lacrimal, jugal, quadratojugal, postorbital, ectopterygoid,
pterygoid, dentary, surangular, coronoid, splenial, and prearticu-
lar as well as four dorsal vertebrae and two manual phalanges
(see Fig. 2) collected from the Hell Creek Formation of South
Dakota (Morris, 1976:figs. 5a–c; Galton, 1999:figs. 1–2, pl. 1).
SDSM 7210 preserves neither the squamosal nor the tarsal re-
gion (Fig. 2), preventing direct comparison to the type series
of T. neglectusand the holotype of T. garbanii. However, the
discovery of specimens MOR 979 and NCSM 15728, which
are indistinguishable from SDSM 7210, allow the morphology
of SDSM 7210 to be indirectly compared to the holotype of
T. garbanii and the type series ofT. neglectus. The analysis in
Figure 3B places this specimen within a monophyleticThescelo-
saurus clade, supporting the synonymization of Bugenasaura
with Thescelosaurus.

The synonymization of Bugenasaura with Thescelosaurus
results in a new taxonomic combination:Thescelosaurus inferna-
lis. This raises the question of whether the holotype (SDSM
7210) is sufficiently diagnostic or if this species should be consid-
ered a nomen dubium. Galton (1999) described two features of
the premaxillae of SDSM 7210, which are damaged anteriorly,
dorsally, posteriorly, and along much of the oral margin, that
may distinguish this species fromT. neglectus. Five alveoli are
preserved on each side and extend to the anterior-most tip of the
preserved portion of the premaxilla. Galton (1999) suggested
that the close spacing of the anterior-most left and right alveoli
(� 5 mm) and their anterolateral orientation indicate this speci-
men only had five premaxillary teeth and may have lacked an
anterior edentulous region. The only other specimen referred to
Thescelosaurusthat preserves a significant portion of the pre-
maxillae is NCSM 15728. This specimen possesses elongate pre-
maxillae that contain six alveoli and an anterior edentulous
region that is approximately three tooth positions long. Com-
puted Tomography (CT) scans of NCSM 15728 (CAB unpubl.
data) show that the three anterior-most alveoli on each side arise
within one millimeter of the premaxillary suture and extend
anterolaterally from the midline. Therefore, the close spacing
and orientation of the anterior-most alveoli in SDSM 7210 does
not necessitate the presence of only five premaxillary teeth or
the lack of an anterior edentulous region in this specimen; in-
stead, it may indicate a significant loss of bone from the lateral
and anterior portions of this element due to postmortem dam-
age. No other unique features are recognized in this specimen.
As a result, T. infernalis is considered a nomen dubium.

RSM P.1225.1 consists of a partial skull including a palpebral,
frontals, parietal, a complete left squamosal (Fig. 7), a partial
right squamosal, postorbital, pterygoid, dentary, and partial
braincase as well as portions of the postcranial skeleton (Fig 2)
collected from the Frenchman Formation of Saskatchewan (Gal-
ton, 1989:figs. 3g–l, 4k, pl. 4 [figs. 1–8]; Galton, 1997:figs. 3a–e, 4,
pl. 1–2). The majority of the anterior ramus of the postorbital is
not preserved, but enough of the orbital margin is present to
determine a lack of irregular bosses seen inT. neglectus. The
postorbital-squamosal suture on the squamosal is more ante-
riorly positioned than in T. neglectus(Fig. 7A). On the floor of
this suture several anterioposteriorly-oriented ridges and
grooves are present (Fig. 7A), unlike in T. neglectuswhere the
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floor of this facet is smooth. A portion of the posterior edge
of this suture is raised into a narrow flange that would have
slightly overlapped the midsection of the articulated postor-
bital (Fig. 7A). In dorsal view (Fig. 7A), the posterior edge of
the squamosal is transversely wide and broadly convex, as op-
posed to the deep, dorsomedially directed concavity present in
T. neglectus. In lateral view (Fig. 7B), the posterodorsal corner
of the squamosal is broadly rounded as opposed to the angular
condition observed in T. neglectus(Fig. 5B). This specimen dif-
fers from Thescelosaurus garbaniiin that the calcaneum partici-
pates in the midtarsal joint.

Specimen RSM P.1225.1 appears to be distinctly different
from T. neglectus(based on the squamosal and postorbital) and
T. garbanii (based on the midtarsal joint). Despite these differ-
ences, we feel that erecting a new species for receipt of this
specimen would be premature until the postcranial anatomy of
this specimen is compared in more detail to T. neglectusand
other specimens here referred to Thescelosaurus, in order to
determine if additional differences exist. Also, this specimen dis-
plays some similarities to CMN 8537 (e.g., shape of the frontal),
the holotype of Thescelosaurus edmontonensis(currently re-
ferred to Thescelosaurusincertae sedis), that may unite these
two specimens as a single species. If this is the case, then
T. edmontonensiswould have taxonomic priority over a newer
species based on RSM P.1225.1. Thus, until the anatomy of this
specimen is examined in more detail and its relationship to CMN
8537 is clarified, this specimen should remain unnamed.

LACM 33543 consists of a partial skull including frontals,
parietal, squamosal, partial braincase, ectopterygoids, jugals,
and incomplete mandibles as well as a partial postcranial skele-
ton (see Fig. 2) collected from the Hell Creek Formation of
Montana (Morris, 1976:figs. 1–2, 4; Galton, 1989:fig. 4k; Galton,
1997:figs. 3f, 5–7). The presence of two right jugals indicates that
this specimen comprises material from two differently sized indi-
viduals (Morris, 1976). The squamosal was not described by
Morris (1976) and only figured in lateral view by Galton (1997).
The tarsal region is lacking and the squamosal has not been
examined by the authors, preventing comparison to the holotype
material of T. garbanii and T. neglectusas well as RSM P.1225.1.

CMN 8537, the holotype of Thescelosaurus edmontonensis, con-
sists of a partial skull including frontals, parietal, postorbital, par-
tial braincase, a mandible containing only replacement teeth, and
associated premaxillary, maxillary, and dentary teeth along with a
relatively complete postcranial skeleton (see Fig. 2) collected from

the Scollard Formation of Alberta, Canada (Sternberg, 1940:figs.
1–18; Galton, 1974b:figs. 1a–i, pl. 1 [figs. 3–6, 9–12]; Morris, 1976:
fig. 3e; Galton, 1995:figs. 1b–c,2b–d, 3; Galton, 1997:figs. 1–2). The
calcaneum of CMN 8537 participates in the midtarsal joint, con-
trasting with the structure of the holotype of T. garbanii. The
squamosals are not preserved and the postorbital is fragmentary,
preventing detailed comparison toT. neglectus.

MOR 979 consists of a nearly complete skull, mandibles, and
postcranial skeleton (see Fig. 2) collected from the Hell Creek
Formation of Montana (Horner, 2001:unnumbered figure on p.
129). The postorbital differs from T. neglectus in lacking the
irregular bosses extending into the orbit and from both T.
neglectusand RSM P.1225.1 in lacking the anterior inflation into
the orbit (Fig. 3B). The squamosals are damaged and incom-
pletely prepared, preventing comparison to T. neglectus and
RSM P.1225.1. The tarsal region of MOR 979 is intact and
visible in lateral view on the right hind limb. The calcaneum is
not excluded from the midtarsal joint, contrasting with the auta-
pomorphic condition seen in T. garbanii. This specimen facili-
tated the indirect comparison of SDSM 7210 to the type series of
T. neglectusand the holotype of T. garbanii as its cranial mor-
phology is indistinguishable from that of SDSM 7210.

NCSM 15728, which preserves a complete skull, mandibles,
and partial postcranial skeleton (see Fig. 2), was collected from
the Hell Creek Formation of South Dakota (Fisher et al., 2000:
figs. 1–2). This is the only specimen that preserves all five auta-
pomorphies proposed here to diagnose aThescelosaurusclade
(Table). The postorbital differs from T. neglectus in lacking
the irregular bosses along the orbital margin and the anteriolat-
erally directed bend at the tip of the anterior ramus of the
postorbital. The general structure of the postorbital-squamosal
suture more closely resembles that ofT. neglectusthan RSM
P.1225.1. A prominent lateral expansion on the posterior edge
of the squamosal is present, but this area is damaged in both
T. neglectusand RSM P.1225.1. A large, anteriorly projecting
sheet of bone on the squamosal arises from the posterior edge
of the postorbital-squamosal facet and overlaps the medial two-
thirds of the postorbital-squamosal suture, obscuring much of
the medial and dorsal surfaces of the posterior ramus of the
postorbital. This contrasts with the small, centrally placed flange
of bone seen in T. neglectus. The structure of the squamosal
distinguishes NCSM 15728 from both T. neglectus and RSM
P.1225.1, but it lacks the necessary material to compare to
T. garbanii. This specimen facilitated the indirect comparison of
SDSM 7210 to the type series ofT. neglectusas its cranial mor-
phology is indistinguishable from that of SDSM 7210.

PARKSOSAURUS Sternberg, 1937

Type Species—Thescelosaurus warreniParks, 1926.
Distribution —Horseshoe Canyon Formation, Alberta (Maas-

trichtian [70.6–65.5 Ma]; Weishampel et al., 2004; Gradstein
et al., 2004).

Diagnosis—As for type and only known species.

PARKSOSAURUS WARRENI (Parks, 1926)

Thescelosaurus warreniParks, 1926:figs. 1–18, pl. 1–2.
Parksosaurus warreni(Parks, 1926): Sternberg, 1937.

Holotype —ROM 804: partial skull and partial postcranial
skeleton.

Locality —One half mile from the Red Deer River, on the east
side, immediately south of the road to Rumsey ferry, 100 feet
above the level of the water (Parks, 1926).

Distribution —Horseshoe Canyon Formation, Alberta (Maas-
trichtian [70.6–65.5 Ma]; Weishampel et al., 2004; Gradstein
et al., 2004).

Referred Specimens—None.

FIGURE 7. Squamosal from RSM P.1225.1.A , photograph (top) and
illustration (bottom) in dorsal view; B, photograph (top) and illustration
(bottom) in lateral view. Scale bar equals 1 cm.
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Diagnosis—This species was diagnosed by Galton (1995) as
follows: deep posterior process of premaxilla; extensive sutural
contact between maxilla and nasal; small, oval antorbital fenes-
tra; squamosal transversely wide; well-enamelled surface of
cheek teeth has numerous low, rounded ridges. Further prepara-
tion and study of ROM 804 is currently underway by other
authors (D. Evans pers. comm.) that will provide more informa-
tion about the anatomy of this species.

Comments—Parksosaurus warreniwas originally described by
Parks (1926) asThescelosaurus warreni, but was removed from
Thescelosaurusby Sternberg (1937). One prior analysis (Fig. 1E)
and the analysis presented in Figure 3B placeParksosaurusand
Thescelosaurusas sister taxa, but this conflicts with the place-
ment of these taxa in three other analyses (Figs. 1B–D). The
holotype and only known specimen of P. warreni, ROM 804,
lacks all of the proposed autapomorphies ofThescelosaurusde-
scribed above (Table; characters 126, 129, 131, 132, and 133) and
the presence or absence of two other characters (Table; charac-
ters 125 and 127) cannot be determined due to the preservation
of this specimen. Based upon this evidence and the placement of
ROM 804 outside of a Thescelosaurusclade (Fig. 3B), the re-
moval of this species fromThescelosaurusis supported.

DISCUSSION

Newly recognized material from the paratype specimen of
Thescelosaurus neglectus(USNM 7758) facilitated a taxonomic
revision of all specimens that preserve cranial material previ-
ously referred to Thescelosaurus. For the first time six speci-
mens (not including the type series of T. neglectus and the
hypodigm of T. garbanii) are confidently referred to this taxon
based upon the presence of shared apomorphies. These results
shape future directions for the evaluation of basal neor-
nithischian taxa and provide insight into the diversity of latest
Cretaceous dinosaurian ecosystems in North America. They
also raise questions about ontogenetic issues effecting further
taxonomic revision of these and other basal neornithischian
species.

This phylogenetic analysis is the first to recover a clade con-
taining all known Cretaceous basal neornithischian taxa from
North America, exclusive of all other taxa (Fig. 3B). The basal-
most divergence within this clade is between two morphologi-
cally distinct subclades, one comprised of taxa proposed to be
adapted to a fossorial mode of life (Varricchio et al., 2007) and
the other that includes the relatively large-bodied Thescelo-
saurusclade. These two subclades are both morphologically and
temporally distinct. The proposed fossorial Orodromeus, Oryc-
todromeus, and Zephyrosaurushave been recovered exclusively
from sediments of Campanian age or older (70.6 Ma and older;
Norman et al., 2004; Weishampel et al., 2004; Gradstein, 2004),
while definitive fossil material referred to Parksosaurus and
Thescelosaurusbased on shared apomorphies is currently known
only from the Maastrichtian (65.5-70.6 Ma; Weishampel et al.,
2004; Gradstein, 2004), a fact that has been largely overlooked in
the published literature. This temporal segregation may signify
an important environmental change during the latest Creta-
ceous, as proposed by Lehman (2001 and references therein),
that favored the larger-bodied forms such asParksosaurusand
Thescelosaurusover potentially fossorial taxa. Alternatively, this
apparent temporal disparity may simply be a byproduct of the
incompleteness of the fossil record. While this issue deserves
detailed consideration by future investigations, the answer is
beyond the scope of this discussion.

The specimens here evaluated and found to be part of aThes-
celosaurusclade represent a marked range in size (approximate-
ly 2.5 to 4 meters; Fig. 2). Given this size range, the possibility
that these individuals represent different ontogenetic stages of
development must be taken into consideration in any taxonomic

evaluation of these specimens. Differences noted between the
type series ofT. neglectusand RSM P.1225.1, which may repre-
sent a new species ofThescelosaurus, are considered potentially
taxonomically informative because the similar size of these
two specimens reduces the probability that they represent two
distinct ontogenetic stages of the same species. By contrast, dif-
ferences noted between the specimens here referred toThesce-
losaurus incertae sedis must be examined with caution, as these
specimens exhibit a much more disparate variation in size. Until
either the ontogenetic stage of each of these specimens is deter-
mined or osteological changes that correlate with ontogenetic
stage of development are identified, morphological differences
noted between these specimens (e.g., shape of posterior margin
of the frontals) should only be considered of diagnostic value
when observed in specimens of similar size.

This investigation is a crucial step in a thorough reevaluation
of the anatomy, ontogeny, and systematic position of the taxon
Thescelosaurus. These results emphasize: (1) the need to base
specimen referrals on shared apomorphies; (2) that erecting spe-
cies based on specimens that lack material directly comparable
to the hypodigm or type series material of known species should
be avoided; and (3) that caution must be exercised when com-
paring specimens of differing size due to the possible effects of
ontogeny. The next step in this process will be the thorough
anatomical description of RSM P.1225.1 and NCSM 15728 that
will seek to: (1) clarify the taxonomic relationships of these
specimens; and (2) identify postcranial autapomorphies of the
taxon Thescelosaurusto supplement the cranial characters iden-
tified above.

ACKNOWLEDGMENTS

We thank V. Schneider and D. Russell (NCSM), J. Horner
and B. Baziak (MOR), M. Carrano and M. Brett-Surman
(USNM), H. Bryant and T. Tokaryk (RSM), M. Feuerstack, K.
Shepherd, E. Ross, and A. McDonald (CMN), S. Shelton and
M. Greenwald (SDSM), and X. Xing (IVPP) for generous access
to their collections, P. Brinkman (NCSM) for assistance in pre-
paring NCSM 15728, D. Evans (ROM) for information on ROM
804, P. M. Galton for his encouragement and enlightening con-
versations regarding these taxa, E. L. Huppe for providing illus-
trations of USNM 7758, T. P. Cleland for providing photographs
of USNM 7758, J. L. Green, T. P. Cleland, N. A. Smith, E. A.
Johnson, D. R. Eddy, A. D. B. Behlke, and J. Hutchinson for
their thoughtful comments on previous drafts of this manuscript,
the Willi Hennig Society for providing free access to the pro-
gram TNT, and A. P. Russell for providing CMB with guidance,
knowledge, and focus. P. M. Galton, D. Evans, an unnamed
reviewer, and H. D. Sues (editor) provided suggested revisions
that significantly improved the quality of this paper. This research
was supported by a Geological Society of America Graduate
Student Research Grant and the National Science Foundation’s
East Asia and Pacific Summer Institutes for U.S. Graduates Stu-
dents program to CAB, and ACCESS funding, Canadian Society
of Zoologists Travel Grant, Dinosaur Research Institute Travel
Grant, and Dinosaur Research Institute Rene Vandervelde Trav-
el Grants to CMB.

LITERATURE CITED

Buchholz, P. W. 2002. Phylogeny and biogeography of basal Ornithischia;
pp. 18–34 in D. E. Brown (ed.), The Mesozoic in Wyoming. Tate
Geological Museum, Casper College, Casper, Wyoming.

Butler, R. J. 2005. The ‘fabrosaurid’ ornithischian dinosaurs of the Upper
Elliot Formation (Lower Jurassic) of South Africa and Lesotho.
Zoological Journal of the Linnean Society 145:175–218.

Cooper, M. R. 1985. A revision of the ornithischian dinosaur Kangna-
saurus coetzeeiHaughton, with a classification of the Ornithischia.
Annals of the South African Museum 95:281–317.

766 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 29, NO. 3, 2009



Fisher, P. E., D. A. Russell, M. K. Stoskopf, R. E. Barrick, M. Hammer,
and A. A. Kuzmitz. 2000. Cardiovascular evidence for an intermedi-
ate or higher metabolic rate in an ornithischian dinosaur. Science
288:503–505.

Galton, P. M. 1973. Redescription of the skull and mandible of Parkso-
saurusfrom the Late Cretaceous with comments on the family Hyp-
silophodontidae (Ornithischia). Life Science Contributions (Royal
Ontario Museum) 89:1–21.

Galton, P. M. 1974a. The ornithischian dinosaur Hypsilophodon from
the Welden of the Isle of Wight. Bulletin of the British Museum
(Natural History) Geology 25:1–152.

Galton, P. M. 1974b. Notes onThescelosaurus, a conservative ornithopod
dinosaur from the Upper Cretaceous of North America, with com-
ments on ornithopod classification. Journal of Paleontology 48:
1048–1067.

Galton, P. M. 1981. Dryosaurus, a hypsilophodontid dinosaur from the
Upper Jurassic of North America and Africa. Postcranial skeleton.
Palaontologische Zeitschrift 55:271–312.

Galton, P. M. 1989. Crania and endocranial casts from ornithopod dino-
saurs of the families Dryosauridae and Hypsilophodontidae (Repti-
lia: Ornithischia). Geologica et Palaeontologica 23:217–239.

Galton, P. M. 1995. The species of the basal hypsilophodontid dinosaur
ThescelosaurusGilmore (Ornithischia: Ornithopoda) from the Late
Cretaceous of North America. Neues Jahrbuch fur Geologie und
Palaontologie - Abhandlungen. 198:297–311.

Galton, P. M. 1997. Cranial anatomy of the basal hypsilophodontid dino-
saur Thescelosaurus neglectusGilmore (Ornithischia: Ornithopoda)
from the Upper Cretaceous of North America. Revue de Paleobio-
logie 16:231–258.

Galton, P. M. 1999. Cranial anatomy of the hypsilophodontid dinosaur
Bugenasaura infernalis(Ornithischia: Ornithopoda) from the Upper
Cretaceous of North America. Revue de Paleobiologie 18:517–534.

Gilmore, C. W. 1913. A new dinosaur from the Lance Formation of
Wyoming. Smithsonian Miscellaneous Collections 61:1–5.

Gilmore, C. W. 1915. Osteology ofThescelosaurus, an orthopodous dino-
saur from the Lance Formation of Wyoming. Proceedings of the
United States National Museum 49:591–616.

Goloboff, P. A., J. S. Farris, and K. Nixon. 2008. TNT, a free program for
phylogenetic analysis Cladistics 24:774–786.

Gradstein, F. M., J. G. Ogg, and A. G. Smith. 2005. A Geologic Time
Scale 2004. 589 pp. Cambridge University Press, Cambridge.

Horner, J. 2001. Dinosaurs under the big sky. Mountain Press Publishing
Company, Missoula, 195 pp.

Lehman, T. M. 2001. Late Cretaceous dinosaur provinciality; pp. 310–328
in D. H. Tanke, and K. Carpenter (eds.), Mesozoic Vertebrate Life.
Indiana University Press, Bloomington.

Morris, W. J. 1976. Hypsilophodont dinosaurs: a new species and com-
ments on their systematics; pp. 93–113 in C. S. Churcher (ed.),
Athlon: Essays on Palaeontology in Honour of Loris Shano Russell.
Royal Ontario Museum, Toronto.

Norman, D. B., H.-D. Sues, L. M. Witmer, and R. A. Coria. 2004. Basal
Ornithopoda. pp. 413–412 in D. B. Weishampel, P. Dodson, and
H. Osmolska (eds.), The Dinosauria 2nd Edition. University of
California Press, Berkeley.

Owen, R. 1842. Report on British fossil reptiles, part II. Report of the
British Association for the Advancement of Science for 1841. 9:60–204.

Parks, W. A. 1926.Thescelosaurus warreni, a new species of ornithopo-
dous dinosaur from the Edmonton Formation of Alberta. University
of Toronto Studies (Geological Series) 21:1–42.

Scheetz, R. D. 1999. Osteology ofOrodromeus makelaiand the phyloge-
ny of basal ornithopod dinosaurs. Montana State University, Boze-
man, 186 pp.

Seeley, H. G. 1887. On the classification of the fossil animals commonly
named Dinosauria. Proceedings of the Royal Society of London
43:165–171.

Sereno, P. C. 1986. Phylogeny of the bird–hipped dinosaurs. National
Geographic Research. 2:234–256.

Sereno, P. C. 1998. A rational for phylogenetic definitions, with applica-
tion to the higher level taxonomy of Dinosauria. Neues Jahrbuch fur
Geologie and Palaontologie Abhandlungen. 210:41–83.

Sereno, P. C. 2005. The logical basis of phylogenetic taxonomy. System-
atic Biology. 54(4):595–619.

Sternberg, C. M. 1937. A classification ofThescelosaurus, with a descrip-
tion of a new species. Proceedings of the Geological Society of
America. 1936:375.

Sternberg, C. M. 1940.Thescelosaurus edmontonensis, n. sp., and classifica-
tion of the Hypsilophodontidae. Journal of Paleontology 14:481–494.

Sues, H. D. 1980. Anatomy and relationships of a new hypsilophodontid
dinosaur from the Lower Cretaceous of North America. Palaeonto-
graphica Abteilung A. 169:51–72.

Swofford, D. L. 2002. PAUP*. Phylogenetic analysis using parsimony
(*and other methods). Version 4. http://paup.csit.fsu.edu/about.html.

Varricchio, D. J., A. J. Martin, and Y. Katsura. 2007. First trace and body
evidence of a burrowing, denning dinosaur. Proceedings of the Roy-
al Society B: biological sciences. 274:1361–1368.

Weishampel, D. B., and R. E. Heinrich. 1992. Systematics of Hypsilo-
phodontidae and basal Iguanodontia (Dinosauria: Ornithopoda).
Historical Biology 6:159–184.

Weishampel, D. B., C.-M. Juanu, Z. Csiki, and D. B. Norman. 2003.
Osteology and phylogeny of Zalmoxes (N. G.), an unusual euor-
nithopod dinosaur from the latest Cretaceous of Romania. Journal
of Systematic Palaeontology 1:65–123.

Weishampel, D. B., P. M. Barrett., R. A. Coria, J. L. Loeuff, X. Xing,
Z. Xijin, A. Sahni, E. M. P. Gomani, and C. R. Noto. 2004. Dinosaur
distribution. pp. 517–606. in D. B. Weishampel, P. Dodson, and
H. Osmolska (eds.), The Dinosauria 2nd Edition. University of
California Press, Berkeley.

Submitted April 30, 2008; accepted December 1, 2008.

APPENDIX 1. Description of characters used for the phylogenetic
analysis of basal neornithischian relationships. See Scheetz (1999) for a
detailed discussion of the distribution of character states for characters 1
through 123.
1. Length of jugal wing on quadrate greater than 20% quadrate length

(0), less than 20% (1).
2. Quadrate notch absent (0), present (1).
3. Length of the articulation between the quadrate and quadratojugal

greater than or equal to 50% length of quadrate (0), between 50% and
25% (1), contact 25% or less (2).
4. Dorsal head of the quadrate recurved posteriorly (0), straight (1).
5. Pterygoid wing on quadrate greater than 25% length of quadrate (0),

less than 25% (1).
6. Jugal or quadratojugal meets the quadrate near the distal end (0),

above distal end (1), well above distal end (2).
7. Ventral condyles of quadrate dorsomedially sloped or horizontal (0),

dorsolaterally sloped (1).
8. Pterygoid wing emerges at the dorsal head of the quadrate (0), below

the dorsal head of the quadrate (1).
9. The ventral extent of the jugal wing ends at or near distal condyles

of quadrate (0), above distal condyles (1), well above the distal con-
dyles (2).
10. Groove on the base of the posterior side of the pterygoid wing of the
quadrate absent (0), groove or fossa present (1).
11. Lateral pit in mid-quadrate shaft present (0), absent (1).
12. Ventral process on squamosal less than 30% length of the quadrate
(0), greater than 30% (1).
13. Quadrate leans posteriorly (0), oriented vertically (1).
14. Jugal fails to articulate with quadrate (0), jugal articulates with quad-
rate (1).
15. Quadratojugal height normal to short (0), tall and narrow (1).
16. Quadratojugal foramen absent (0), present (1).
17. Exoccipital contributes to part of occipital condyle (0), occipital
condyle entirely composed of basioccipital (1).
18. Orbital edge of postorbital smooth (0), striated and rugose orbital
edge (1).
19. Postorbital non-robust (0), robust postorbital (1).
20. Orbital margin of the postorbital arcuate (0), anteriorly directed
inflation along upper half of the orbital margin of the postorbital (1).
21. Socket for the head of the laterosphenoid occurs along frontal-post-
orbital suture (0), only in postorbital (1), socket absent (2).
22. Combined width of frontals less than 150% frontal length (0), great-
er than 150%.
23. Frontals arched over the orbits (0), dorsally flattened frontals (1).
24. Frontal contacts orbit along more than 25% of total frontal length
(0), less than 25% (1).
25. Ratio of frontal length to nasal length greater than 120% (0), be-
tween 120% and 60% (1), less than 60% (2).
26. Frontals positioned over all of orbit (0), frontals only over the poste-
rior half of orbit (1).
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27. Six premaxillary teeth (0), five premaxillary teeth (1), no premaxil-
lary teeth (2).
28. Oral margin of the premaxila non-flared (0), slightly flared oral
margin of the premaxilla (1), everted oral margin of the premaxilla (2).
29. Posterolateral recess in the posterior end of the premaxilla for re-
ceipt of the anterolateral boss of the maxilla absent (0), present (1).
30. Premaxilla does not contact lacrimal (0), premaxilla contacts lacri-
mal (1).
31. Non-packed maxillary teeth (0), lack of space between adjacent
maxillary teeth up through the occlusional margin (1).
32. Maxillary and dentary teeth not inset (0), maxillary and dentary
teeth at least modestly inset (1).
33. Maxillary tooth roots straight (0), curved (1).
34. Cingulum present on maxillary tooth crowns (0), no cingulum on
maxillary teeth (1).
35. Distinct neck present below maxillary crown (0), crown tapers to
root (1).
36. Maxillary teeth independently occlude (0), maxillary teeth form a
continuous occlusal surface (1).
37. Maxillary teeth lingually concave (0), lingually convex (1).
38. Maxillary teeth with centrally placed apical ridge (0), posteriorly-set
apical ridge (1).
39. Maxillary teeth equally enameled on both sides (0), enamel restrict-
ed to one side (1).
40. Anterior end of the maxilla exhibits a spike-like process that inserts
into the posterior end of the premaxilla (0), anterior end of maxilla bears an
anterodorsal sulcus to receive the posterior portion of the premaxilla (1).
41. Maxillary crowns relatively low spade-like, rectangular, or triangular
(0), high diamond-shaped maxillary tooth crowns (1).
42. Jugal contacts antorbital fenestra (0), jugal excluded from bordering
antorbital fenestra (1).
43. Greatest posterior expanse of the jugal greater than ¼ skull height
(0), less than ¼ skull height (1).
44. Jugal horn or boss absent (0), present (1).
45. Anterior process of jugal straight (0), dorsally curved (1).
46. Maxillary process on the medial side of jugal medially projected and
modestly arched (0), presence of a straight groove for insertion of the
posterior flange of the jugal (1), anteromedially projected and arched (2).
47. Ectopterygoid articular facet on medial jugal consists of a deep
groove (0), rounded scar (1).
48. In lateral view anterior end of jugal ends above maxilla (0), inserts
within maxilla (1).
49. Jugal forms an oblique to right angle bordering the anteroventral
corner of the infratemporal fenestra (0), acute angle (1).
50. Jugal barely touches lacrimal (0), jugal meets lacrimal with more
contact (1), lacrimal-jugal butt joint (2).
51. Position of the anterior tip of dentary positioned high (0), mid height
(1), near lower margin of dentary (2), below lower margin (3), well below
lower margin (4).
52. Apical ridge on dentary teeth anteriorly or centrally positioned (0),
posteriorly positioned (1).
53. Dentary tooth crowns possess primary and some secondary ridges
(0), dentary crown possess primary, secondary, and tertiary ridges (1).
54. Dentary teeth possess ridges on both sides of crown (0), ridges on
only one side (1).
55. Dentary teeth with enamel on both sides (0), enamel primarily on
one side (1).
56. Dentary crowns possess denticles supported by ridges (0), not all
denticles supported by ridges (1).
57. Dentary teeth possess a modest cingulum (0), no cingulum on den-
tary teeth (1).
58. Dentary tooth roots round in cross-section (0), oval (1), squared (2),
squared and grooved (3).
59. Dentary tooth roots straight (0), curved (1).
60. Dentary crowns rectangular, triangular, or leaf-shaped (0), crowns
lozenge-shaped (1).
61. Dentaries straight in dorsal view (0), dentaries arched medially (1).
62. Post-coronoid elements make up 35-40% of the total length of the
lower jaw (0), 25-35% (1), less than 25% (2).
63. Ratio of dentary height (just anterior to the rising coronoid process)
divided by length of dentary between 15-20% (0), 20-35% (1).
64. Predentary possesses a single posteroventral process (0), posteroven-
tral process paired or bifurcate (1).
65. External mandibular fenestra present (0), absent (1).
66. Surangular foramen absent (0), present (1).

67. Dorsal margin of the surangular convex or diagonal (0), concave in
lateral view (1).
68. Nuchal crest on supraoccipital present (0), absent (1).
69. Supraoccipital forms greater than 5% of the margin of the foramen
magnum (0), less than 5% (1), does not contribute to dorsal margin (2).
70. Basioccipital ventral keel absent (0), present (1).
71. Foramen magnum occupies over 30% of the width of occipital con-
dyle (0), 20-30% (1), less than 20% of occipital condyle (2).
72. Floor of braincase on basioccipital flat (0), arched (1).
73. Median ridge on floor of braincase on the basioccipital absent (0),
present (1).
74. Basioccipital tubera extend further ventrally than the basisphenoid
(0), level (1).
75. Basisphenoid shorter than basioccipital (0), equal in size (1), longer
than basioccipital (2).
76. Foramen for cranial nerve V notches the anteroventral edge of the
prootic (0), foramen nearly, or completely, enclosed in prootic (1).
77. Cervical vertebrae plateocoelous to amphicoelous (0), opisthocoe-
lous (1).
78. Neural spine anteriorly positioned or centered over the dorsal cen-
trum (0), posteriorly positioned (1).
79. Transition in dorsal ribs between a near vertical orientation of the
tuberculum and capitulum to a horizontal orientation occurs within ribs
2-4 (0), 5-6 (1), 6-8 (2).
80. Twelve dorsal vertebrae (0), 15 dorsal vertebrae (1), 16 dorsal ver-
tebrae (2), 17 dorsal vertebrae (3).
81. Four sacral vertebrae (0), five sacral vertebrae (1), six sacral verteb-
rae (2), seven sacral vertebrae (3).
82. Sacral neural spines less than twice the height of the centrum (0),
neural spines between two and two and a half times the height of the
centrum (1), greater than two and a half times (2).
83. Sacral spines lean posteriorly (0), slightly anteriorly (1).
84. Pubis does not articulate with the sacrum (0), pubis supported by
sacral rib (1), pubis supported by sacral centrum (2).
85. Caudal ribs borne on centrum (0), on neurocentral suture (1), on
neural arch (2).
86. Ossified hypaxial tendons on the tail absent (0), present (1).
87. First caudal vertebrae bears longest rib (0), longest rib posterior to
the first (1).
88. Caudal neural spines positioned over centrum (0), neural spines
extend beyond own centrum (1).
89. Scapular spine low or broad (0), sharp and pronounced (1).
90. Coracoid width divided by length less than 60% (0), between 70 and
100% (1), greater than 100% (2).
91. Coracoid foramen enclosed within coracoid (0), open along cora-
coid-scapula suture (1).
92. Sternals cresent-shaped (0), hatchet-shaped (1).
93. Olecranon process on ulna low (0), moderately developed (1), rela-
tively high (2).
94. Shaft of ulna triangular or oval in cross section (0), cylindrical (1).
95. Shaft of ulna straight (0), bowed (1).
96. Manual phalangeal formula 2-3-4-3-0 (0), 2-3-4-2[3]-1 (1), 2-3-4-3-
2 (2), 2-3-4-2-2 (3), 2-3-4-2-1 (4), 2-3-3-2-1 (5), 2-3-3-2-4 (6).
97. Unfused carpus (0), fused carpus (1).
98. Acetabulum high to normal (0), vertically short and long (1).
99. Ischiac peduncle of ilium not supported by sacral rib (0), ischiac
peduncle articulates with sacral rib (1).
100. Shaft on ischium flat and blade-like (0), bar-like (1).
101. Distal end of ischium lacks an expanded foot (0), distal foot present (1).
102. Ischium lacks an obturator process (0), obturator process present
and placed 60% down the shaft of ischium (1), placed 50% down the
shaft (2), placed 40% down the shaft (3), placed with the proximal 30%
of the ischial shaft (4).
103. Pubic peduncle of ischium larger than iliac peduncle (0), iliac ped-
uncle of ischium as large or larger than pubic peduncle (1).
104. Anterior process of pubis absent (0), present and rod-like or sword
like (1), dorsoventrally expanded prepubis (2).
105. Anterior process of pubis straight when present (0), upturned ante-
rior process (1).
106. Femur lacks a neck-like constriction below the femoral head (0),
constriction present (1).
107. Lesser trochanter of femur lower or equal to greater trochanter (0),
higher than greater trochanter(1).
108. Lesser trochanter of femur anterior and medial of greater
trochanter (0), anterior and somewhat lateral to lesser trochanter (1).
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109. Greater trochanter of femur laterally convex (0), laterally flattened (1).
110. Anterior intercondylar groove on the distal femur absent (0), mod-
est intercondylar groove present (1), well-developed intercondylar
groove (2).
111. Lateral distal condyle width divided by medial distal condyle width
on femur approximately 100% (0), 80-60% (1), 59-50% (2), 49-40% (3),
39-30% (4), 29-20% (5).
112. Both proximal lateral condyles on the tibia equal in size (0), fibular
condyle smaller (1), only one lateral condyle present (2).
113. Cnemial crest of tibia rounded (0), sharply defined (1).
114. Midshaft of tibia triangular in cross-section (0), round in cross-
section (1).
115. Fibula shaft elliptical or round in cross-section (0), D-shaped in
cross-section (1).
116. Astragalus bears a short ascending process (0), triangular and
tooth-like (1), spike-like (2), relatively large (3).
117. Posterior side of astragalus low (0), high (1).
118. Anterior side of astragalus high (0), moderate (1), low (2).
119. Angle between the tibial and fibular articular facets on the calcane-
um greater then 120 degrees (0), less than 120 degrees (1).
120. Medial distal tarsal blocky in dorsal view (0), thin and rectangular
(1), round (2).
121. Medial distal tarsal does not articulate over the proximal end of
metatarsal II (0), medial distal tarsal articulates over a least a portion of
the proximal end of metatarsal II (1).
122. Lateral distal tarsal square in dorsal view (0), kidney-shaped (1).

123. Four functional (i.e., bear phalanges) digits in the pes (0), three
functional digits in the pes (1).
124. Premaxillae unfused (0), fused (1).
125. Palpebral dorsoventrally flattened and rugose along the medial and
distal edges: absent (0), present (1).
126. Frontals wider across posterior end than at midorbit level (0), wider
at midorbital level (1).
127. Presence of a ‘Y-shaped’ indentation on the dorsal edge of opistho-
tics: absent (0), present (1).
128. Angle formed by a line drawn along the ventral edge of the brain-
case (occipital condyle, basal tubera, and basipterygoid processes) and a
line drawn through center of the trigeminal foramen and posterodorsal
hypoglossal foramen: greater than fifteen degrees (0), less than fifteen
degrees (1).
129. Dorsolaterally directed process on the lateral surface of the suran-
gular: absent (0), present (1).
130. Ratio of femur length to tibia length: less than one (0), greater than
one (1).
131. Presence and structure of a horizontal ridge on the maxilla: absent
or smooth when present (0), present with at least the posterior portion
covered by a series of obliquely inclined ridges (1).
132. Posterior half of ventral edge of jugal offset ventrally and covered
laterally with obliquely inclined ridges: absent (0), present (1).
133. Foramen in the prefrontal positioned dorsomedial to the articu-
lation surface for the palpebral that opens into the orbit: absent (0),
present (1).

APPENDIX 2. Character codings for the 27 terminal taxa used in the analysis shown in Figure 3B. Modified from Scheetz (1999) and Varricchio
et al. (2007). Question marks indicate lack of information for that taxon.

1
0

2
0

3
0

4
0

5
0

6
0

7
0

Scutellosaurus ?????????? ??????0000 ??????00?? 00?000000? 0????????? 0000000000 0?000?????
Heterodontosaurus ?00000??0? 000000?0?0 ?0001000?1 11??11?00? 00010??001 0001101100 001000000?
Lesothosaurus 000000000? 0000000000 0000000000 0000000100 00000??001 0000000000 0000000000
Agilisaurus ?001?????? ???000???? ?0001011?? 01?000?10? 01?01??110 ?????????? ????10????
Hexinlusaurus 0000?????? ??10000001 ?00010???0 ?1?000?10? 01100???11 1?0??????0 1?0????00?
Othnielosaurus ?????????? ??????0000 ?00??0???? 010000010? 0???0???1? 1000000000 1?001????0
Zephyrosaurus 0010001001 01?0??0101 0010?0101? 1100001?00 0?1110000? ?000000000 1?1????001
Orodromeus 0010001101 0100000101 1000?0111? 0100000000 0111000002 2000000000 1010110101
Parksosaurus 001?01?010 1000000000 ?01010???0 011000110? 01000???11 ?000000000 011011??0?
Hypsilophodon 000002002? ?0000100?0 0000101000 1100111110 01000??111 2011110010 111011?001
Tenontosaurus 0000100?00 0011010??0 10101022?0 1111111110 01000??111 2001111211 001111?121
Dryosaurus altus 0120020100 ?011000??0 1000102200 1111111111 1000010001 2111111111 1011101001
Dryosaurus lettowvorbecki 1120020121 1011000??? ?000102201 ?????????? ???0010101 2111111111 1011111001
Rhabdodon ?010?10000 1????????? ??????200? 11?1?11100 0????????? 1001101210 1?11111??1
Iguanodon 1101120120 1010101?10 2111212201 1111111111 1100021112 4111111311 1201111020
Ouranosaurus 110112002? ?010101010 1111212201 11?????1?1 ?010021112 3111????11 1100111120
Camptosaurus 01?0120120 1111?00010 1011102201 1111111111 1100001111 3111111311 1111111000
Gasparinisaura 1000?2??2? ?00011?000 ??00?????? 11?111?1?? 11?00??1?1 3????????? ?01?110000
Oryctodromeus 001???1000 ?????????? ??????111? 010000???0 0??001??1? 200???0?00 1?0????001
USNM 7757/7758 ?????????? ???????101 ?????????? ?????????? ?????????? ?????????? ??????????
RSM P.1225.1 ?????????? ??????0?0? ??1??0???? ?????????? ?????????? ?????????? ???????101
LACM 33542 ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
SDSM 7210 ?????????? ????????0? ???????2?? 11?000??0? 01?00?00?2 ?0?0000?10 ?????10???
NCSM 15728 1?1001??1? 0000010101 ?010100210 110?00?1?0 01100?0012 20?00001?0 0111110111
MOR 979 ??11?00??? ?01000?000 ?000?0???0 11??00??0? 01100???02 2???00???0 0????00?1?
CMN 8537 ?????????? ???????001 ?00??????? ????0??10? 0????????? 20?000???0 0?1?110?1?
LACM 33543 ?????????? ??????0??? ??0??????? ?????????? ?1?00????? 2????????? 0?????0111
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APPENDIX 2. (Continued).

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
3
3

Scutellosaurus ?????????? 1????0??01 0?0??00??0 0?1??00001 0????0???? ??00?????0 ???
Heterodontosaurus ???0?0??00 0???0000?1 ??200200?0 100000?100 0?0??????0 0000000000 000
Lesothosaurus 00??10???? 2????0?0?1 0?00010000 0000000000 00???3?001 0?000000?0 000
Agilisaurus ?????????1 1???10??0? 0??????110 03?110010? ?????0???? 0?0000??00 000
Hexinlusaurus 0?????00?1 1???1??1?1 0?000?0??0 0301000100 ??0?01???1 1?0?00???0 000
Othnielosaurus 101???00?1 100010?101 000?0?0010 0301010100 1?00?21011 1100?????0 ???
Zephyrosaurus 110120000? ???210?111 0?00???1?0 ?????10111 1?00100201 10010000?0 000
Orodromeus 1101110001 2002100111 00110?0110 0201010110 1000120001 100000??00 000
Parksosaurus 01???0?0?2 2???12010? 00??????10 0111110110 ??0??0?0?1 ??0??0??00 000
Hypsilophodon 01?010?001 2001121101 1010130010 0101010100 2100010011 1100000000 000
Tenontosaurus 20?0001112 1100110101 0000150110 1312110102 3201000211 1000000001 000
Dryosaurus altus 2000011111 2100200100 10100?1111 1402111102 3100?31011 1110000000 000
Dryosaurus lettowvorbecki 21002111?1 2?01201100 10101????1 1402111102 3????31?1? 0?10000000 000
Rhabdodon ?000??01?? 210210?100 0?101??111 101??10102 2200?012?2 0110?????? ???
Iguanodon 2000201123 2201101102 112?061111 1412110102 5211001202 01100001?1 ???
Ouranosaurus 00002?1123 22??0??102 11210?1110 1412100102 4211001212 ??10000001 000
Camptosaurus 2011000102 22101?1101 1010121111 1412110102 ?20100120? 0?10000101 000
Gasparinisaura 2????????? 1001110101 0???0??110 ?311011110 1201000212 11100???00 00?
Oryctodromeus 110??11121 30022?1111 0?100??11? ???1010110 ?100100??? ???1??0??0 ?0?
USNM 7757/7758 ???????0?2 1?00?1?1?? ??00?20010 0?11110111 ??00??0??? 1?0??1???1 ???
RSM P.1225.1 0??1?0?0?? ?????1?1?? ???????01? ???1110111 ??00??0??? ??0?1111?1 ?1?
LACM 33542 ?????????? ?????????? ?????????? ?????????1 ??000000?1 1?0??????? ???
SDSM 7210 ?????????? ?????????? ?????????? ?????????? ?????????? ???01????? 11?
NCSM 15728 0??1?110?? 3000?11100 0000??0010 0301110111 2????????? ????11111? 111
MOR 979 ?????????? ??0??11?00 0?00??00?0 0??1?101?? ??000000?1 ??0?1???11 111
CMN 8537 ?????????2 2?0??11100 0??????010 0??111011? ??0????0?? ????111?11 ???
LACM 33543 0??????1?? ?????????? ???????010 030?1????? ?????????? ??????111? ?1?
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